This study of sixty ASA grade 1 or 2 children, aged 1 to 12 years, undergoing elective ophthalmic procedures, compared the use of the laryngeal mask airway (LMA) with that of an endotracheal tube. Changes in intraocular pressure and haemodynamic parameters, and intraoperative and postoperative complications were measured. Patients were randomly allocated into two groups of 30 patients. In group 1, the airway was secured with an LMA and in group 2 with an endotracheal tube. A standard technique of general anaesthesia incorporating positive pressure ventilation was used in both groups. The changes in intraocular pressure, heart rate (HR) and mean arterial pressure (MAP) were observed before and after insertion of the airway device, two minutes after insertion, and pre and post removal of the device. The incidence of airway complications was also noted. There was no significant change in mean intraocular pressure after insertion of the LMA, but removal caused a significant increase to 19.3± 7.6 mmHg (from a baseline of 13.9±4.3 mmHg). In the endotracheal tube group, intubation increased the mean intraocular pressure significantly to 19.9±7.3 mmHg (from a baseline of 13.1±4.0 mmHg) and extubation caused an increase to 24.6±10.4 mmHg which was clinically as well as statistically significant. The incidence of postoperative coughing was lower in the LMA group, but the incidence of vomiting higher. Two patients had displacement of the LMA during the procedure. We conclude that the use of an LMA is associated with less increase in intraocular pressure than the use of an endotracheal tube in children.
Most ophthalmic procedures in children are performed under general anaesthesia. Endotracheal intubation and use of a laryngeal mask airway (LMA) are the commonest methods used for managing the airway in elective ophthalmic cases. Intubation is associated with complications such as pressor response 1 , coughing 2 , straining, breathholding and rise in intraocular pressure 3 . Use of an LMA is associated with less likelihood of a haemodynamic response or rise in intraocular pressure with insertion, and a lower incidence of perioperative coughing compared to the use of an endotracheal tube 4 . Other advantages of the LMA over an endotracheal tube include less chance of injury to surrounding structures, smooth recovery and reduced postoperative discomfort 5 . Many workers have compared the use of an LMA with an endotracheal tube use in adult patients undergoing ophthalmic surgery [6] [7] [8] [9] [10] [11] but very few studies have been conducted in children [12] [13] [14] .
The purpose of this study was to compare the use of an LMA with use of an endotracheal tube in children undergoing ophthalmic surgical procedures. The outcomes measured were changes in intraocular pressure, heart rate (HR), mean arterial pressure (MAP), oxygen saturation (SpO 2 ) and airway complications. The changes in intraocular pressure and haemodynamics were assessed not only at the time of insertion of the device but also at the time of removal.
MATERIALS AND METHODS
The study was approved by the ethics committee of the institution and informed consent was obtained from the parents or guardians of the children.
Sixty ASA Grade 1 or 2 paediatric patients, in the age group 1 to 12 years, undergoing elective ophthalmic surgery (intraocular or extraocular), were randomly allocated into two groups of 30 patients each. In group 1, the airway was secured with an LMA and in group 2 with an endotracheal tube. Children with enlarged tonsils, anticipated difficult airway or any other pharyngeal pathology were excluded from the study. Surgical procedures in which there is a risk of aspiration such as syringing and probing of a nasolacrimal duct and dacryocystorhinostomy were also excluded from the study. Syrup promethazine 1 mg/kg was given orally for premedication in both groups two hours before surgery.
The same general anaesthesia protocol was used for both groups. After recording baseline vital parameters, anaesthesia was induced with either inhalation of oxygen, nitrous oxide and halothane or by intravenous thiopentone 4-5 mg/kg. Intraocular pressure was measured using a Schiotz tonometer in the non-operated eye with the head in neutral position. Before placement of the airway device, care was taken to not exert any pressure on the eye with the facemask. Vecuronium 0.1 mg/kg was used for neuromuscular blockade and intravenous morphine 0.1 mg/ kg was administered for analgesia. After 2.5 minutes the airway device was inserted according to the group of the patient. The LMA was inserted using the technique recommended by the manufacturers. Adequate depth of anaesthesia was maintained with oxygen, nitrous oxide and halothane, and additional doses of vecuronium were given as required. Ventilatory adjustments were made to keep the patient normocapnic and airway pressure was kept below 20 cm H 2 O. HR, MAP, and SpO 2 were recorded pre-induction, post-induction, immediately after insertion of the LMA or endotracheal tube, two minutes after insertion, and before and after removal of the airway device. Baseline intraocular pressure was measured after induction as the children could not cooperate with the measurement of intraocular pressure prior to anaesthesia. Subsequent readings of IOP were taken at the same times as the HR, MAP and SpO 2 .
Halothane 0.5% to maintain depth of anaesthesia was continued till the bandaging of the eye was complete. Neostigmine 0.07 mg/kg with atropine 0.02 mg/kg was given to reverse neuromuscular blockade. When respirations became regular with adequate tidal volume, the airway device was removed after performing gentle oral suction. 100% oxygen was delivered by facemask till the child was awake. Antibiotic eye drops were instilled in the non-operated eye in which intraocular pressure was measured. Incidence of displacement of the airway device, oxygen desaturation, laryngospasm or bronchospasm during insertion and removal of airway device, postoperative vomiting, coughing or breathholding and incidence of sore throat on the first postoperative day were also recorded.
Age and weight of the patients between the two groups were analysed using the unpaired t-test. Intragroup comparisons of HR, MAP and intraocular pressure were analysed using repeated measures of ANOVA with Tukey's test at 5% significance level. Intergroup comparison of change in HR, MAP and intraocular pressure at specific time points was done using the unpaired t-test.
RESULTS
The demographics of the two groups were similar. The mean age of patients was 6.1±3.2 years in group 1 and 5.7±3.2 years in group 2. The mean weight was 16.0±7.3 kg in group 1 and 15.0±5.0 kg in group 2. The types of surgical procedures, with their mean duration, are shown in Table 1 .
The mean intraocular pressure did not change significantly with insertion of the LMA (group 1) but LMA removal significantly increased the mean intraocular pressure to 19.3±7.6 mmHg. Endotracheal intubation was followed by a significant increase in intraocular pressure to 19.9±7.3 mmHg and extubation caused a further rise to 24.6± 10.4 mmHg which was also statistically significant ( Figure 1 ). Changes in intraocular pressure between specific time points were measured and values were compared between the two groups. Change was significantly higher at all time points in the endotracheal tube group compared with the LMA group ( Figure  2 ).
In the LMA group, there was no significant change in mean HR or MAP after LMA insertion but removal caused a marked statistically significant increase in these parameters. In the endotracheal tube group, both intubation and extubation of the Intraocular Pressure (mmHg) trachea were followed by a significant increase in HR and MAP, the rise being more marked after extubation ( Figure 3 ). Insertion of the airway device was associated with significantly greater change in HR in the endotracheal tube group compared with the LMA group ( Figure 3 ). HR changes at the time of removal of the airway device were not statistically different between the two groups. No statistically significant change in MAP was observed between the two groups at the measured time points.
In all patients of both the groups, normocapnia was maintained with end-tidal CO 2 between 30 to 40 mmHg at all time points. Four patients in each group had brief episodes of oxygen desaturation intraoperatively or immediately after removal of the airway device. In group 1, displacement of the LMA occurred in two patients and two patients had bronchospasm during removal of the LMA. In group 2, three patients had laryngospasm during extubation and one patient had bronchospasm both during intubation as well as extubation. In the rest of the patients, SpO 2 was maintained above 96% throughout.
There was a statistically significant greater inci-dence of postoperative coughing in the endotracheal tube group (13/30) compared with the LMA group (5/30). The incidence of postoperative vomiting was higher in the LMA group (5 patients) than the endotracheal tube group (2 patients). The combined incidence of vomiting and coughing was not found to be statistically different between the two groups. Three patients had episodes of breathholding following extubation in the endotracheal tube group, whereas no patient had this complication in LMA group. None of the patients had postoperative sore throat in either group. The total number of complications was not significantly different between the two techniques.
DISCUSSION
Stable intraocular pressure is important for the success of intraocular surgery, as a rise in intraocular pressure intraoperatively can cause prolapse of the iris or lens and loss of vitreous, resulting in permanent visual loss 15 . Laryngoscopy and intubation performed during general anaesthesia cause sympathetic stimulation resulting in a rise in HR, MAP 1, 16 and intraocular pressure 3 . The laryngeal mask has been shown to be an effective and safe alternative to 
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tracheal intubation in adults 17 . Three studies have compared the effect of LMA insertion with endotracheal tube insertion on intraocular pressure in children. Two of these were conducted during nonophthalmic surgery 13, 14 while the third study involved children anaesthetized for measurement of intraocular pressure 12. . This is the first study comparing LMA and endotracheal tube use in paediatric patients undergoing elective ophthalmic surgery. The intraocular pressure changes occurring at the time of removal of the LMA or endotracheal tube in children have not been described previously.
The baseline reading of intraocular pressure was measured after induction of anaesthesia as children would not cooperate with measurement before anaesthesia was induced. Intraocular pressure did not show any significant change following insertion of an LMA, whereas endotracheal intubation caused a significant rise. This rise persisted at two minutes although the value was less than that measured postintubation. Similar findings have been reported by other workers 6, 12, 18 . Watcha et al compared intraocular pressure response to LMA or endotracheal tube insertion in children undergoing intraocular pressure measurements. They reported a significant increase after intubation in contrast to no significant change following LMA insertion 12 . Blanchard and coworkers 6 also noted a greater rise after endotracheal intubation than after insertion of LMA in adult patients undergoing eye surgery.
In our study, the most marked increase in mean intraocular pressure (to 24.6±10.4 mmHg) was seen after extubation. A smaller but statistically significant increase was observed after LMA removal (19.3± 7.6 mmHg) compared to all previous values. The increase with removal of the endotracheal tube has been well described 4,6,19 but a rise following removal of the LMA has not previously been reported. Lamb and co-workers found the greatest increase in intraocular pressure occurring after endotracheal tube extubation in adult patients in a study comparing endotracheal tube to LMA use 4 . A rise in intraocular pressure is deleterious for patients with already raised pressure or penetrating eye injury. In severe angle closure glaucoma, even a small increase sustained for a short time may cause optic disc ischaemia with possible resultant blindness. In penetrating eye injury an increase in intraocular pressure could cause expulsion of intraocular contents. In intraocular surgery there is also a theoretical risk of suture rupture 20 with increases in pressure.
The incidence of loss of central vision increases to 30% when average pressure is more than 20 mmHg long-term in patients with chronic glaucoma, whereas loss of vision was rare when the intraocular pressure was maintained below 18 mmHg 21 . In our study, 14 out of 30 patients in LMA group had a rise in intraocular pressure beyond 20 mmHg at the time of LMA removal whereas in 20 out of 30 patients in the endotracheal tube group, intraocular pressure increased to more than this value at the time of extubation. The fleeting increases in pressure observed in our study are not likely to have the same significance as the sustained increases seen in chronic glaucoma. The mean maximum rise was greater in the endotracheal tube group than the LMA in response to removal of the airway device. The change in intraocular pressure at various time points was greater in the endotracheal tube group as compared to the LMA group. In both the groups in our study, haemodynamic changes correlated with the changes in intraocular pressure. In most studies both tracheal intubation and extubation caused a rise in HR and MAP, but for the LMA neither insertion nor removal were associated with any change in these variables 6, 4, 19 . Fujii and coworkers 22 noted less haemodynamic change after LMA removal than endotracheal extubation in paediatric patients. In our study, removal of the LMA caused an increase in HR and MAP which was similar to that observed after extubation.
Both coughing and vomiting increase intraocular pressure. In our study, the incidence of postoperative coughing was much higher in patients who were tracheally intubated (43.3%) compared to the LMA group (16.6%). Coughing is known to increase intraocular pressure up to 50 mmHg. Holden et al 2 and Akhtar et al 10 have reported a higher incidence of postoperative coughing after tracheal intubation in adults. Denny and co-workers also reported a greater incidence of coughing after extubation in adult patients undergoing cataract surgery 8 . The incidence of vomiting was higher in our LMA group (16.6%) compared to the endotracheal tube group (3.3%). Vomiting has been speculated to be due to gastric inflation 23 which may occur with use of LMA in surgery of longer duration and the use of positive pressure ventilation via an LMA. In our study vomiting was associated with use of the LMA in surgery of more than 60 minutes. Out of five patients who had postoperative vomiting, three had undergone strabismus repair in which the incidence of postoperative vomiting is high. Our data is insufficient to draw conclusions about the association of length of surgery and vomiting.
The incidence of complications with the use of the LMA in children is variable 24, 25 . Ates and co-workers 24 reported a low incidence of complications with the use of the LMA in children undergoing ophthalmic surgery. In our study, four patients in the LMA group had brief episodes of desaturation (16.6%). In two cases it was due to intraoperative displacement of the LMA. The most probable cause of displacement was inadequate neuromuscular blockade. We were able to adjust the position of the LMA after giving vecuronium and increasing inspired halothane concentration. Inadequate depth of anaesthesia, improper fixation and pressure on the LMA by assisting surgeons have been found to be responsible for displacement 26 . If displacement occurs during an open eye operation, manoeuvres to reestablish the airway, perhaps involving tracheal intubation, may increase the risk of intraocular infection or lead to expulsion of intraocular contents 26 . Therefore proper fixation of the LMA, maintenance of an adequate plane of anaesthesia and monitoring of neuromuscular blockade are essential while using an LMA for intraocular surgical procedures.
In the LMA group two patients had bronchospasm at the time of removal of LMA. In the endotracheal tube group four patients had episodes of desaturation, three laryngospasm at the time of extubation and one bronchospasm both after intubation and extubation. All these patients had a history of upper respiratory tract infection in the past two to three weeks. Though it is well established that a history of upper respiratory tract infection (<6 weeks) may predispose the patient to adverse respiratory events perioperatively, it is still controversial whether elective surgery should be cancelled or postponed in these children. According to Tait and colleagues, although children with recent upper respiratory tract infections are at greater risk for respiratory complications, most of these children can undergo elective surgical procedures without significant increase in adverse anaesthetic outcome 27 .
Breathholding was observed in 10% patients in the endotracheal tube group, whereas no patient in the LMA group had this complication. This is similar to the results obtained by Akhtar and colleagues 10 . None of the patients in either group developed sore throat in the postoperative period. The incidence of sore throat with LMA use varies from 5.8% to 34% compared to a higher reported incidence of 14.4% to 50% after endotracheal intubation 28 . The children in our study may be less able or likely to complain about sore throat compared to adults. The use of uncuffed endotracheal tubes in our study, as is routine practice in paediatric anaesthesia, may have contributed to the absence of sore throat.
In conclusion, the use of the LMA with intermittent positive pressure ventilation offers advantages over use of an endotracheal tube in terms of less increase in intraocular pressure in elective paediatric ophthalmic surgery. The LMA must be avoided in patients with a full stomach. Adequate precautions must be taken to prevent and detect displacement during surgery. The LMA may be considered as an alternative to endotracheal intubation in children undergoing elective ophthalmic surgical procedures of short duration such as measurement of intraocular pressure, examination under anaesthesia and cataract extraction.
